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GHPRQVWUDWHGWKHLPSRUWDQFHRI+5,7KHGRPDLQRI+5,VWDUWHGWKURXJKDRQHZD\FRPPXQLFDWLRQXVLQJDKDQG
FRQWUROOHUEHWZHHQRSHUDWRUDQGURERWZKHUHWKHURERWZDVYLHZHGDVWKHH[WHQVLRQRIKXPDQERG\6KHULGDQ
$GYDQFHPHQWLQVHQVLQJWHFKQLTXHFRQWUROSDUDGLJPVDUWLILFLDOLQWHOOLJHQFHDQGFRPSXWDWLRQSRZHUKDVRSHQHGD
QHZGLPHQVLRQIRU+5,WRH[SORLWQHZSRVVLELOLWLHV
+XPDQEHKDYLRUFDQEHEHVWH[SUHVVHGWKURXJKHPRWLRQDOUHDFWLRQVDQGWKHVHUHDFWLRQVFRPSRVHRIZLGHYDULHW\
RI H[WHUQDO VWLPXOL SOHDVDQW VLWXDWLRQ SV\FKRORJLFDO SUHVVXUH HWF 7KLV HPRWLRQDO UHDFWLRQ FDQ EH PDQLIHVWHG LQ
FRXQWOHVVZD\V IDFLDO H[SUHVVLRQV VSHHFK ERG\JHVWXUHV DQGSK\VLRORJLFDO VLJQDOV ((*KHDUW UDWH EORRG IORZ
WHPSHUDWXUH HWF :KLOH D ORW RI GDWD DQG ILQGLQJV KDG EHHQ GRFXPHQWHG LQ WKH DUHD RI DIIHFW GHWHFWLRQ XVLQJ
$XWRQRPLF 1HUYRXV 6\VWHP $16 SDUDPHWHUV PRVW RI WKHVH H[SHULPHQWDWLRQV XVHV LQYDVLYH DSSURDFKHV ZKHUH
GLUHFWFRQWDFWEHWZHHQWKHVXEMHFWDQGWKHVHQVRULVUHTXLUHG7KLVZRXOGEHLQWLPLGDWLQJWRWKHVXEMHFWDQGUHVWULFWV
WKHLU PRELOLW\ ZKLFK VRPHKRZ ZRXOG FRQWULEXWH VRPH XQFHUWDLQ LQIRUPDWLRQ GXH WR VWUHVV H[SHULHQFHG E\ WKH
VXEMHFWV7KHPDWXULW\DQGHYROXWLRQRIVHQVLQJ WHFKQLTXHKDVPDGHFRQWDFWOHVVDQGQRQLQYDVLYH$16UHVSRQVHV
PRQLWRULQJ SRVVLEOH WKURXJK WKH DSSOLFDWLRQ RI WKHUPDO LPDJLQJZKLFK KDV VKRZQ SRWHQWLDO LQ FKDUDFWHUL]LQJ WKH
VXEGLYLVLRQ RI $16 0HUOD HW DO KDV SURSRVHG WKH IDFLDO VNLQ WHPSHUDWXUH H[SORLWDELOLW\ IRU DIIHFWLYH VWDWHV
UHFRJQLWLRQ XVLQJ WKHUPDO LPDJLQJ 0HUOD	 5RPDQL  0HUOD HW DO  VWDWHG WKDW ³0HDVXULQJ VXEWOH
WKHUPDO HIIHFW GXH WR HPRWLRQDO DURXVDOPD\ SURYLGH XVHIXO LQIRUPDWLRQ DERXW WKH V\PSDWKHWLF DFWLYLW\´ &HUWDLQ
DUHDVRIWKHIDFLDOVNLQKDYHDGLUHFWFRUUHODWLRQZLWKDIIHFWLYHVWDWHVDVEHLQJGRFXPHQWHGLQVHYHUDOILQGLQJV
$URERWLFV\VWHPWKDWKDVWKHFDSDELOLW\RIUHFRJQL]LQJHPRWLRQDOVWDWHVDQGV\QWKHVL]LQJSURSHUUHVSRQVHZRXOG
EHEHQHILFLDOIRU+XPDQ5RERW,QWHUDFWLRQ+5,+HQFHHPSRZHULQJFRPSXWHUVDQGURERWVWRXQGHUVWDQGKXPDQ
HPRWLRQVZRXOGPDNH KXPDQ URERW LQWHUDFWLRQPRUHPHDQLQJIXO 7KH SRWHQWLDO DSSOLFDWLRQV RI URERWV WKDW FRXOG
GHWHFW D SHUVRQ¶V DIIHFWLYH VWDWHV DQG UHVSRQG DFFRUGLQJO\ WR VXFK SHUFHSWLRQ DUH GLYHUVH SHUVRQDO KRPH DLGV
HQWHUWDLQPHQWURERWUHVFXHDQGVXUYHLOODQFHURERWVHWF
,Q WKLV SDSHUZH SUHVHQW RXU SUHOLPLQDU\ ILQGLQJV LQ DIIHFWLYH VWDWHV GHWHFWLRQ WKURXJK WKH LPSOHPHQWDWLRQ RI
*/&0IHDWXUHVIRUWKHUPDOLPDJHV7KHUHPDLQLQJSDUWRIWKLVSDSHULVRUJDQL]HGDVIROORZV6HFWLRQGHVFULEHVWKH
7KHUPDO ,PDJLQJ $IIHFW 'HWHFWLRQ ([SHULPHQWDO 'HVLJQ LV SUHVHQWHG LQ 6HFWLRQ  6HFWLRQ  GHVFULEHV VRPH
SURFHVVHVUHTXLUH IRU LPSOHPHQWDWLRQRI WKHUPDO LPDJHIRUDIIHFWHYDOXDWLRQ/DVWO\ LQ6HFWLRQVRPHGLVFXVVLRQ
DQGILQGLQJDUHGLVFXVVHG
7KHUPDO,PDJLQJ$IIHFW'HWHFWLRQ
7RGDWHREVHUYLQJDFFHVVLQJDQGFODVVLI\LQJRIHPRWLRQDOVWDWHVKDVEHHQGRQHWKURXJKWKHPHDQRIPRQLWRULQJ
WKHDXWRQRPLFQHUYRXVV\VWHP$16ZKLFKKDVEHHQSURYHQHIIHFWLYH\HWWKLVWUDGLWLRQDODSSURDFKUHTXLUHVGLUHFW
FRQWDFW EHWZHHQ WKH VXEMHFW DQG WKH VHQVRUZKLFKSRWHQWLDOO\ ELDVLQJ WKH HVWLPDWLRQRI WKH VWDWH DV WKH FRPSOLDQW
LQYROYHPHQWRIVXEMHFWLVUHTXLUHG0HUOD1XPHURXVNQRZQPRGDOLWLHVDUHDYDLODEOHIRUDFFHVVLQJWKH$16
SDUDPHWHUVKHDUWEHDWEUHDWKLQJPRGXODWLRQ(&*VNLQFRQGXFWDQFHDQGRWKHUV7KH$16SDUDPHWHUVSURYLGHVDQ
HIIHFWLYHWRROIRUREVHUYLQJDQGFODVVLI\LQJHPRWLRQDOUHVSRQVHVDVGRFXPHQWHGLQFRXQWOHVVSXEOLFDWLRQV$FFRUGLQJ
WR0HUOD HW DO WKHUPDO LPDJLQJKDVPDQLIHVW SRWHQWLDO VROXWLRQ IRU QRQLQYDVLYH UHFRUGLQJ RI$16 ,WZRUNV E\
PHDVXULQJ WKH VSRQWDQHRXV WKHUPDO UDGLDWLRQRI WKH ERG\ LQ QRQLQYDVLYH DQG FRQWDFWOHVVPDQQHU%DVHG RQ WKH
SUHYLRXVUHVHDUFKILQGLQJVLQWKHGRPDLQRI$16WKHUPDOLPDJLQJKDVGHPRQVWUDWHGLWVDELOLW\WRFKDUDFWHUL]HWKH
VXEGLYLVLRQRI$160XUWK\DQG3DYOLGLV*DUEH\HWDO0HUODDQG5RPDQL3DYOLGLVHWDO
6KDVWULHWDO0HUOD(QJHUWHWDO
0RVW RI WKH UHVHDUFK GRQH LQ DIIHFWLYH VWDWH GHWHFWLRQ XVLQJ WKHUPDO LPDJLQJ KDYH FKRVHQ WKH IDFH DUHD IRU
SV\FKRORJLFDOVLJQDOPHDVXUHPHQWGXHWR LWVGLUHFW LQYROYHPHQW LQVRFLDO LQWHUDFWLRQDQGFRPPXQLFDWLRQ%HVLGHV
WKH VNLQ OD\HU LQ IDFH DUHD LV WKLQQHU DQG ZHOO H[SRVHV ZKLFK PDNH LW PRUH IHDVLEOH IRU SV\FKRORJLFDO VLJQDO
UHFRUGLQJ)XUWKHUPRUHWKHYDOLGLW\DQGUHOLDELOLW\RIWKLVPHWKRGKDVEHHQSURYHQE\FRPSDULQJWKHUHVXOWVLGHE\
VLGHZLWKJROGHQVWDQGDUGPHWKRGVVXFKDV(&*JDOYDQLFVNLQUHVSRQVH*65HWF7KHUPDOLPDJLQJDQG*65KDV
HOXFLGDWHGWKHVLPLODUGHWHFWLRQSRZHUDVUHSRUWHGE\VHYHUDOVWXGLHV&ROLHWDO6KDVWULHWDO3DYOLGLV
HWDO'L*LDFLQWRHWDO(QJHUWHWDO
7KHUH DUH WZR W\SHV RI IHDWXUHV H[WUDFWHG IURP WKH WKHUPDO LPDJHV LPDJLQJ IHDWXUHV DQG WHPSHUDWXUH IHDWXUHV
/LX	:DQJ$PRQJWKHUHVHDUFKHVWKDWXVHVH[WUDFWHGLPDJLQJIHDWXUHVIURPWKHLPDJLQJIHDWXUH<DVXQDUL
<RVKLWRPL HW DO ZKHUH WKH H[WUDFWHG IHDWXUHV DUH WUDQVIRUPHGE\XVLQJ D WZRGLPHQVLRQDO GLVFUHWH FRVLQH
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WUDQVIRUPDWLRQ''&7WRWUDQVIRUPWKHJUD\VFDOHYDOXHVLQWKHIDFLDODUHDLQWRIUHTXHQF\FRPSRQHQWVDQGXVHG
WKHVHH[WUDFWHGIHDWXUHVLQWKHH[SUHVVLRQUHFRJQLWLRQV\VWHPV%HQMDPÕQ+HUQDQGH]*XVWDYR2ODJXHHWDO
KDGFKRVHQ*UD\/HYHO&RRFFXUUHQFH0DWUL[ */&0IRUUHJLRQGHVFULSWRUVFRPSXWDWLRQRI WKH LQIUDUHG LPDJHV
EDVHGRQVHFRQGRUGHUVWDWLVWLFVIHDWXUHV WRGLVWLQJXLVKWKHH[SUHVVLRQVRIVXUSULVHKDSSLQHVVDQGDQJHU)URPWKH
WHPSHUDWXUH IHDWXUHV0DVRRG0HKPRRG.KDQ HW DO KDYH H[SORLWHG WKHYDULDQFHV LQ WKH WKHUPDO LQWHQVLW\
YDOXHV UHFRUGHG DW WKHUPDOO\ VLJQLILFDQW ORFDWLRQV RQ KXPDQ IDFHV DV WKH IHDWXUHV WR GLVWLQJXLVK SUHWHQGHG DQG
HYRNHGHPRWLRQDOH[SUHVVLRQV%UDLQ51KDQDQG7RP&KDXKDYHH[WUDFWHGWKHWLPHIUHTXHQF\DQGWLPH
IUHTXHQF\IHDWXUHVGHULYHG WKHUPDO LQIUDUHGGDWD WRFODVVLI\ WKHQDWXUDO UHVSRQVHVRIVXEMHFW OHYHOVRIDURXVDODQG
YDOHQFHLQGXFHGE\WKH,QWHUQDWLRQDO$IIHFWLYH3LFWXUH6\VWHP,$36DQGRWKHUV
([SHULPHQWDO'HVLJQ
7KHSURSRVHGIUDPHZRUNRIRXUPHWKRGLVVKRZQLQ)LJZKLFKLQYROYHVWKUHHPDLQEORFNV,PDJH3URFHVVLQJ
)HDWXUH ([WUDFWLRQ DQG7HVW DQG9DOLGDWLRQ ,Q WKH ILUVW EORFN ,PDJH 3URFHVVLQJ VHYHUDO VWHSV LQYROYHG QDPHG
LPDJH DFTXLVLWLRQ SUHSURFHVVLQJ &RQWUDVW /LPLWHG $GDSWLYH +LVWRJUDP (TXDOL]DWLRQ &/$+( DQG 52,V
JHQHUDWLRQ7KH SURFHVV WKHQ IROORZHG E\ VHFRQG EORFN )HDWXUH([WUDFWLRQZKLFKZH XVHG WKH*UD\/HYHO&R
RFFXUUHQFH0DWUL[*/&0DSSURDFKIRUVHFRQGRUGHUVWDWLVWLFDOIHDWXUHVH[WUDFWLRQ/DVWO\WKHWKLUGEORFN7HVW	
9DOLGDWLRQLQYROYHGFODVVLILFDWLRQDQGNIROGFURVVYDOLGDWLRQ
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*LYHQWKHOLPLWHGUHVRXUFHVDWRXUGLVSRVDOWKHH[SHULPHQWDOVHWXSLVLOOXVWUDWHGLQ)LJ7KHH[SHULPHQWVHVVLRQ
ZDV FRQGXFWHG LQ D FRQWUROOHG WHPSHUDWXUH DQG KXPLGLW\ URRP3ULRU WR GDWD FROOHFWLRQ WKH VXEMHFWVZHUH VHDWHG
SOHDVDQWO\RQDUPFKDLULQIURQWRIPRQLWRUDVLOOXVWUDWHG8SRQEHLQJVHDWHGWKHVXEMHFWVZHUHUHTXHVWHGWRUHOD[IRU
PLQXWHVWRDOORZVXEMHFWV¶VNLQVXUIDFHWRUHDFKHTXLOLEULXPZLWKWKHWHPSHUDWXUHRIWKHH[SHULPHQWURRP7KH
GLVWDQFHEHWZHHQVXEMHFWDQGWKHWKHUPDOFDPHUDZDVPDLQWDLQHGDWPHWHUDQGWKHHPLVVLYLW\FRQVWDQWSDUDPHWHU
IRUWKHWKHUPDOFDPHUDZDVVHWWR+XPDQVNLQ7KURXJKRXWWKHVHVVLRQWKHVXEMHFWVZHUHUHTXHVWHGWRUHPRYH
WKHLU JODVVHV LI WKH\ZRUH DQ\ 6XEMHFWV DUH DGYLVHG QRW WR WDNH DQ\PHDO  KRXU EHIRUH GDWD FROOHFWLRQ WR DYRLG
PHWDEROLFHIIHFWRIGLJHVWLRQDQGPLQLPXPPRYHPHQWVSDUWLFXODUO\DERYHWKHQHFNZHUHDGYLVHGWRWKHVXEMHFWWR
DYRLGRXWRIIRFXVLPDJHV7KHYLVXDOVWLPXOLZHUHDGPLQLVWUDWHGWKURXJKWKHPRQLWRULQIURQWRIWKHVXEMHFWV)RU
WKLV H[SHULPHQWZHXVHG DQXQFRROHGPLFUR ERORPHWHU)RFDO3ODQH$UUD\ )3$/:,5 P IURP)/,5
0RGHO7


)LJXUH3URSRVHG)UDPHZRUNIRU$IIHFW'HWHFWLRQ7KHUPDO,PDJH
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$ VSHFLILFPRYLH FOLSV KDYH EHHQ XVHG IRU WKH HPRWLRQ LQGXFWLRQ SXUSRVHV ,Q VRPH OLWHUDWXUHV ,QWHUQDWLRQDO
$IIHFWLYH3LFWXUH6\VWHP ,$36KDVEHHQSURYHQ WREHHIIHFWLYH VWLPXOL IRU HPRWLRQ LQGXFWLRQ+RZHYHU LQRXU
H[SHULPHQWPRYLH FOLSV EHHQ FKRVHQRYHU ,$36 LPDJHVGXH WR WKHPDMRU FRQWULEXWLRQRIPXVLF DQG VRXQG WR WKH
HPRWLRQVWDWHDVEHLQJPHQWLRQHGLQVHYHUDOOLWHUDWXUHV,QWKLVH[SHULPHQWDWRWDOO\SRODURSSRVLWHHPRWLRQKDVEHHQ
FRQVLGHUHG QDPHG+DSS\ 6DG DQG )HDU 7KH GXUDWLRQ IRUPRYLH FOLSV DGPLQLVWHUHGZDV DURXQG PLQXWH HDFK
7KURXJKRXW WKH VHVVLRQ ZH UHFRUGHG WKH WKHUPDO YLGHR XVLQJ )/,5 7 DW  IUDPHV SHU VHFRQG ISV 8SRQ
FRPSOHWLRQWKHYLGHRLVFRQYHUWHGLQWRIUDPHV
,PSOHPHQWDWLRQRI7KHUPDO,PDJHIRU$IIHFW'HWHFWLRQ
7KLVVHFWLRQGLVFXVVHGRQWKHLPSOHPHQWDWLRQRIWKHUPDOLPDJHIRUDIIHFWGHWHFWLRQZKLFKLQYROYHVVHYHUDOVWHSV
7KHGHWDLOVDUHSURYLGHGDVIROORZV
4.1. Thermal Image Acquisition 
7KH DFTXLVLWLRQ RI WKHUPDO LPDJHVZDV GRQH LQ D FRQWUROOHG URRPZLWK UHODWLYH KXPLGLW\ RI   & DQG
XQLIRUP LOOXPLQDWLRQ7KH VXEMHFW LV VHDWHGPHWHU IURP WKH WKHUPDO FDPHUD DQG DGYLFH WRPDLQWDLQPLQLPXP
KHDGPRYHPHQW7KHFDPHUD¶VIUDPHUDWHIRUGDWDFROOHFWLRQZDVVHWDWIUDPHVSHUVHFRQGISV)RURQHVHWRI
YLGHRWKHUHDUHLPDJHVEHLQJFDSWXUHG
4.2. Image Pre-processing and Region of Interests (ROIs) Selection 








)LJHOXFLGDWHVWKHLPDJHDFTXLVLWLRQDQGSUHSURFHVVLQJVHTXHQFHV,QWKHSUHSURFHVVLQJVWDJHWKHUDZLPDJHV
ZHUHQRUPDOL]HGXVLQJFRQWUDVWOLPLWHGDGDSWLYHKLVWRJUDPHTXDOL]DWLRQ&/$+(DOJRULWKP%RXUODL5RVV&KHQ	
+RUQDN&/$+(DSSOLHVKLVWRJUDPHTXDOL]DWLRQWRHDFKVXEUHJLRQ(TXDWLRQH[SODLQKRZWKHKLVWRJUDP
HTXDOL]DWLRQEHLQJGRQH,QWKHHTXDWLRQ0DQG1DUHWKHQXPEHUVRISL[HOVDQGJUD\OHYHOELQVLQHDFKVXEUHJLRQ
7KH KLVWRJUDP IRU HDFK VXEUHJLRQ LV UHSUHVHQWHG DV h ,Q RUGHU WR LPSURYH WKH FRQWUDVW RI WKH LPDJH ZLWKRXW

)LJXUH6HWXSIRU'DWD&ROOHFWLRQ

)LJXUH,PDJH$FTXLVLWLRQ	3UHSURFHVVLQJ
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LQFUHDVLQJ WKH QRLVH FOLS OLPLW WKUHVKROG LV VHW  LQ RXU WHVW &/$+( UHGLVWULEXWH HDFK KLVWRJUDP VR WKDW LW
PDLQWDLQEHORZWKHWKUHVKROGOHYHO,QFDVHRIJUD\OHYHOH[FHHGLQJWKHFOLSOLPLWDQGWKH\DUHGLVWULEXWHGXQLIRUPO\
EHORZWKHWKUHVKROGOHYHO/DVWO\HDFKVXEUHJLRQLVFRPELQLQJWKURXJKELOLQHDULQWHUSRODWLRQ




)LJVKRZVWKHFRPSDULVRQEHIRUHDQGDIWHUWKHLPSOHPHQWDWLRQRI&/$+(DOJRULWKPWRWKHUDZLPDJH%DVHG
RQ WKH REVHUYDWLRQ WKHUH ZDV VLJQLILFDQW LPSURYHPHQW RQ WKH YLVLELOLW\ RI WKH KRWWHU UHJLRQ RQ WKH IDFH DV
UHSUHVHQWHGE\WKHZKLWHFRORU7KHDOJRULWKPHQKDQFHGWKHLPDJHVRWKDWWKHKRWUHJLRQFRXOGEHHDVLO\LGHQWLILHG,W
XWLOL]HG VHYHUDO GLVWULEXWLRQV W\SH WR UHVKDSH WKH KLVWRJUDP RI WKH LQSXW LPDJH LQ RXU FDVH ZH VSHFLILHG WKH
GLVWULEXWLRQ W\SH WREHXQLIRUPO\GLVWULEXWHG7KHRWKHUV WZRDYDLODEOHRSWLRQVZHUH µ5D\OHLJK¶DQG µ([SRQHQWLDO¶
GLVWULEXWLRQ







4.3. Feature Extraction 
,Q WKLV H[SHULPHQW D WH[WXUH EDVHG IHDWXUH H[WUDFWLRQPHWKRGZDV FKRVHQ *UD\ /HYHO &RRFFXUUHQFH0DWUL[
*/&0*/&0ZDVILUVWLQWURGXFHGE\+DUDOLFNHWDODQGLWLVRQHRIWKHPRVWSRSXODUDQGZLGHO\XVHG
WH[WXUHIHDWXUHH[WUDFWLRQPHWKRGLQFRPSXWHUYLVLRQ7KH*/&0FKDUDFWHUL]HVHFRQGRUGHUVWDWLVWLFRIDQLPDJHE\
FRPSXWLQJKRZRIWHQSDLUVRISL[HOZLWKVSHFLILFYDOXHVDQG LQDVSHFLILHGVSDWLDO UHODWLRQVKLSRFFXU LQDQ LPDJH
7KHPDWUL[FRQWDLQVWKHFRQGLWLRQDOMRLQWSUREDELOLWLHVRIDOOSDLUZLVHFRPELQDWLRQVRIJUD\OHYHOVJLYHQDWSDUWLFXODU
GLVSODFHPHQWGLVWDQFHdDQGDWSDUWLFXODURULHQWDWLRQș7KHGLVSODFHPHQWGLVWDQFHdLVDOVRNQRZQDVLQWHUSL[HO
GLVWDQFH7KHSUREDELOLW\ FDQEHGHILQHGDV%DUEHU	/H'UHZ

 
:KHUH ijC LVGHILQHGDV


,QHTXDWLRQWKHYDULDEOH ijC UHSUHVHQWVWKHQXPEHURIRFFXUUHQFHVRIJUD\OHYHOLQURZiDQGFROXPQjPi j 
YDOXH LV WKH SUREDELOLW\ YDOXH IURP WKH */&0 KRZ PDQ\ WLPHV WKDW UHIHUHQFH YDOXH RFFXUV LQ D VSHFLILF
FRPELQDWLRQZLWKDQHLJKERXUSL[HOG LV WKH WRWDOQXPEHURIJUD\ OHYHOV$WDSDUWLFXODU LQVWDQFHDWDJLYHQ WKH
GLVSODFHPHQWGLVWDQFHdDQGRULHQWDWLRQșWKHVXPPDWLRQRIWKHGHQRPLQDWRULQHTXDWLRQUHSUHVHQWWKHWRWDO
QXPEHURIJUD\OHYHOSDLUVZLWKLQDZLQGRZ7KHIHDWXUHVDUHJHQHUDWHGE\FDOFXODWLQJWKHIHDWXUHVIRUHDFKRQHRI
WKHFRRFFXUUHQFHPDWULFHVREWDLQHGE\XVLQJWKHGLUHFWLRQVDQGWKHQDYHUDJLQJWKHVHIRXUYDOXHV
&ODXVL  6HYHUDO WH[WXUH VWDWLVWLFV FDQ EH H[WUDFWHG IURP WKH*/&0PDWUL[&RQWUDVW&RUUHODWLRQ(QHUJ\
+RPRJHQHLW\ HWF ,QRXU H[SHULPHQWZHRQO\ FRQVLGHUHG WKHVH IRXU IHDWXUHV IURP WKH VHFRQGRUGHU VWDWLVWLFV ,Q
DGGLWLRQIRUWKHFRPSXWDWLRQRI*/&0ZHGHILQHGDNHUQHODVIROORZVZKLFKUHSUHVHQWHGWKHGLVSODFHPHQWGLVWDQFH
dDQGWKHRULHQWDWLRQș


)LJXUH&RPSDULVRQEHWZHHQUDZLPDJHDQGSUHSURFHVVHGLPDJH
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.HUQHO >


@

)URPWKHNHUQHO WKH*/&0ZLOOKDYHIRXUGLVSODFHPHQWGLVWDQFHVG DQGIRXURULHQWDWLRQVDQJOHVș 
6RIRUHDFK*/&0VWDWLVWLFDOIHDWXUHVWKHUHDUHIHDWXUHVIHDWXUHV[ IHDWXUHVIRUVLQJOH
52,+HQFHIRUHDFK52,WKHUHDUHIHDWXUHV[LPDJHV IHDWXUHV7KH+DSS\6DGDQG)HDUGDWDVHW
KDYH IHDWXUHV UHVSHFWLYHO\ZKLFK OHDGV WRD WRWDORI IHDWXUHV  VXEMHFWV DOOPDOHRYHUDOO IRU HDFK
52, 7KH GDWDVHW (PRWLRQ7DEOH WKHQ UHSUHVHQWHG LQ WKH IRUP RI  IHDWXUHV [  52,V 6XSUDRUELWDO
3HULRUELWDO1DVDODQG0RXWK
4.4. Classification 
)RUWKHFODVVLILFDWLRQSDUWVHYHUDO&ODVVLILHUVKDYHEHHQWHVWHGLQRUGHUWRDFKLHYHWKHEHVWFODVVLILFDWLRQUHVXOW
$PRQJ WKRVHZHUH 6XSSRUW9HFWRU0DFKLQH 690.1HDUHVW1HLJKERU .11 DQG 7UHH 7KH VL]H RI GDWDVHW
(PRWLRQ7DEOHIHGLQWRWKHFODVVLILHUZDV[IHDWXUHV0RVWRIWKHFODVVLILFDWLRQSURFHVVHVZDVGRQHXVLQJ
&ODVVLILFDWLRQ/HDUQHULQ0DWODED7KH52,VVHUYHGDVWKHSUHGLFWRUVZKLOHWKH(PRWLRQODEHOVDVWKHUHVSRQVH
7KH)ROG&URVV9DOLGDWLRQZDVFKRVHQIRUPRGHOYDOLGDWLRQ
5HVXOW	'LVFXVVLRQ
)URPDOOWKHFODVVLILHUVWHVWHGLQFODVVLILFDWLRQVWDJH:HLJKWHG.11KDVVKRZQWKHEHVWFODVVLILFDWLRQDFFXUDF\
ZLWK  RYHUDOO DFFXUDF\ 7KH VHFRQG KLJKHVW DFFXUDF\ VFRUH EHORQJ WR )LQH.11ZLWK RYHUDOO DFFXUDF\ RI
ZKLFKORZHUVWKDQ:HLJKWHG.11%HVLGHV)LQH*DXVVLDQDQG0HGLXP*DXVVLDQ690GLVSOD\VTXLWH
LPSUHVVLYHFODVVLILFDWLRQUHVXOWZLWKDQGRYHUDOODFFXUDF\UHVSHFWLYHO\7KHFRPSDULVRQVRIWKHFODVVLILHU
SHUIRUPDQFHDUH WDEXODWHG LQ7DEOHEHORZLQ WHUPRIRYHUDOODFFXUDF\7KHGHWDLOHGDFFXUDF\RI WKHFODVVLILHU LV
WDEXODWHGLQ7DEOH7KH$8&ZHUHREWDLQHGIURPWKH5HFHLYHU2SHUDWLQJ&KDUDFWHULVWLF52&FXUYH7KHKLJKHU
WKH$8&YDOXHWKHEHWWHUWKHDFFXUDF\RIWKHFODVVLILHUDVWKH52&FXUYHUHSUHVHQWVWKHVHQVLWLYLW\DVDIXQFWLRQRI
IDOORXW

7DEOH&ODVVLILHU3HUIRUPDQFH&RPSDULVRQ
&ODVVLILFDWLRQ0HWKRG )HDWXUH $FFXUDF\
690)LQH*DXVVLDQ */&0 
6900HGLXP*DXVVLDQ */&0 
7UHH&RPSOH[ */&0 
7UHH0HGLXP */&0 
.11)LQH.11 */&0 
.11:HLJKWHG.11 */&0 


7DEOH'HWDLOHG$FFXUDF\E\&ODVVIRU:HLJKWHG.11&ODVVLILHU
&ODVV 735DWH )35DWH 3UHFLVLRQ 5HFDOO )0HDVXUH 52&$UHD$8&
+DSS\      
6DG      
)HDU      
:HLJKWHG$YJ      


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7DEOHWDEXODWHGWKHGHWDLOHGDFFXUDF\RI:HLJKWHG.11&ODVVLILHUE\FODVVHVRIHPRWLRQV7KHHPRWLRQFODVVHV
DUH+DSS\6DGDQG)HDU7KH7UXH3RVLWLYH735DWHLVDOVRNQRZQDVVHQVLWLYLW\ZKHUHLWVPHDVXUHVWKHSURSRUWLRQ
RISRVLWLYHVWKDWDUHFRUUHFWO\FODVVLILHGDVSRVLWLYH7KHKLJKHVW735DWHIURPWKHFODVVHVRIHPRWLRQEHORQJWR)HDU
&ODVVZLWKFRUUHFWO\FODVVLILHGLQVWDQFHV7KH)DOVH3RVLWLYH)35DWHLVDPHDVXUHVRILQFRUUHFWO\LGHQWLILHG
RUIDOVHDODUPZKLFKFRQWULEXWHWRW\SH,HUURULQVWDWLVWLF7KHVPDOOHVW)35DWHFRXOGEHREVHUYHGIURP)HDU&ODVV
ZLWK  7KH 3UHFLVLRQ SDUDPHWHU LV DOVR NQRZQ DV 3RVLWLYH 3UHGLFWLYH 9DOXH 339 ZKHUH LWV PHDVXUHV WKH
SURSRUWLRQRIWKHWUXHSRVLWLYHVDJDLQVWDOOWKHSRVLWLYHUHVXOW75DQG)3/DVWO\WKH)0HDVXUHLVDSDUDPHWHUWKDW
PHDVXUHVWKHKDUPRQLFPHDQRISUHFLVLRQDQGUHFDOO,WFDQEHXVHGDVDVLQJOHSHUIRUPDQFHLQGH[IRUWKHSRVLWLYH
FODVVFODVVLILFDWLRQ
)LJLOOXVWUDWHVWKHFRQIXVLRQPDWUL[IRU:HLJKWHG.11)URPWKHFRQIXVLRQPDWUL[VHYHUDOLPSRUWDQWYDULDEOHV
FRXOGEHH[WUDFWHG7UXH3RVLWLYH737UXH1HJDWLYH71)DOVH3RVLWLYH)3)DOVH1HJDWLYH)17UXH3RVLWLYH
5DWH739)DOVH1HJDWLYH5DWH)153RVLWLYH3UHGLFWLYH5DWH335)DOVH'LVFRYHU\5DWH)'5HWF

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

,QDGGLWLRQWRWKDWWKHIROGFURVVYDOLGDWLRQSHUIRUPHGRQWKH:HLJKWHG.11&ODVVLILHUKDVUHVXOWHGLQN
IROG ORVVZKLFK GHPRQVWUDWHV WKH VPDOO RXW RI VDPSOH HUURU 7KH VPDOO RXW RI VDPSOH ORVV VKRZV WKDW WKHPRGHO
SHUIRUPHGDFFXUDWHO\DV WKH ILWWLQJ IRUHDFKILW VHVVLRQ IROGDUHZHOOILWWHGZLWKPLQLPXPDYHUDJHHUURU7KH
REMHFWLYHRINIROGFURVVYDOLGDWLRQ LV WRHVWLPDWHKRZDFFXUDWHO\ WKHSUHGLFWLYHPRGHOZRXOGSHUIRUPLQSUDFWLFH
:LWKWKHVPDOOUHVXOWHGNIROGORVVZHDUHSRVLWLYHDQGRSWLPLVWLFWKDWWKHSUHGLFWLYHPRGHOZRXOGSHUIRUPZHOOLQ
UHDO OLIH VFHQDULR  %\ FRQVLGHULQJ VHYHUDO IHDWXUHV YHFWRU EHLQJ FRQFDWHQDWHG WRJHWKHU WKH RYHUDOO SHUIRUPDQFH
PLJKWEHLPSURYHGGXHWRDYDLODELOLW\RIVHYHUDOGLVWLQFWIHDWXUHV%HVLGHVWKHIHDWXUHVYHFWRUVGDWDVHWFRXOGEHSUH
SURFHVV EHIRUH IHHG LQ FODVVLILFDWLRQ SKDVH XVLQJ 3ULQFLSOH &RPSRQHQW $QDO\VLV 3&$ RU /LQHDU 'LVFULPLQDQW
$QDO\VLV /'$WRUHGXFH WKHGLPHQVLRQRI WKHGDWDVHW)XUWKHUPRUH IRUUHDO OLIHDSSOLFDWLRQRI WKHUPDO LPDJLQJ
VHYHUDONQRZQ OLPLWDWLRQVH[LVW7KHHQYLURQPHQWDOFRQGLWLRQSOD\V WKHFUXFLDO UROHVLQFH WKHKRPHRVWDVLVDQG WKH
FXWDQHRXV WHPSHUDWXUH DUH FRQWLQXRXVO\ UHJXODWHG ,Q RUGHU WR DYRLG DWWULEXWLQJ DQ\ SV\FKRORJLFDO YDOHQFH WR
XQPLWLJDWHGWKHUPRUHJXODWRU\SURSHUFRXQWHUPHDVXUHVDQGFDXWLRQVVKRXOGEHDGRSWHG0HUOD%HVLGHVWKH
RFFOXVLRQ RI 52,V E\ VSHFWDFOH RU KDLUEDQJ FRXOG UHQGHU WKH YLVLELOLW\ RI WKH WKHUPDO LPSULQW LQ WKH WDUJHWHG

)LJXUH&RQIXVLRQ0DWUL[:HLJKWHG.11
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